Double-lumen endotracheal tube (DLET) anaesthesia is the commonly used method in minimally invasive oesophagectomy (MIE). However, DLET intubation does have its disadvantages. Firstly, the placement of the DLET needs a skilled anaesthetist with familiarity of the technique and subsequent ability to perform a fibre-optic bronchoscopy for confirmation. Secondly, DLET intubation and one-lung ventilation are associated with numerous complications, including hoarseness, tracheobronchial injury and vocal injury. In this report, a retrospective analysis was performed on 42 consecutive patients who underwent MIE using single-lumen endotracheal tube (SLET) anaesthesia with CO 2 artificial pneumothorax compared with 81 patients who underwent the same procedure with DLET intubation. Our findings showed that SLET intubation with artificial pneumothorax by CO 2 insufflation is a feasible and safe method for MIE procedures.
INTRODUCTION
Double-lumen endotracheal tube (DLET) anaesthesia is the standard and most widely used method of anaesthesia in minimally invasive oesophagectomy (MIE) procedures. However, the placement of the DLET is more difficult than a single-lumen endotracheal tube (SLET) and frequently requires the assistance of fibre-optic bronchoscopy. Furthermore, the use of the DLET may frequently result in more complications and higher costs [1, 2] . In rare circumstances, the use of the SLET is mandatory, such as the translocation of the DLET, structural malformations and tracheostenosis. A series of studies noted that two-lung ventilation with SLET intubation could offer good visualization for some thoracoscopic procedures [3, 4] . Here, we retrospectively report the application of SLET anaesthesia with CO 2 insufflation artificial pneumothorax in MIE.
METHODS

Patients
One hundred and twenty-three patients with oesophageal carcinoma underwent MIE (thoracolaparoscopic oesophagectomy) in our institution from October 2011 to November 2012. The first consecutive 81 patients underwent MIE using DLET anaesthesia with CO 2 insufflation artificial pneumothorax (DLET group) and the following 42 cases underwent the same procedure with SLET intubation (SLET group). All the patients underwent MIE with extracorporeal gastric conduit creation and a two-layer hand-sewn cervical oesophagogastric anastomosis by the same surgeon. During the thoracic phase of the MIE procedure, the patient was put in a semiprone position (left lateral decubitus position with 30°forerake) and artificial CO 2 pneumothorax (CO 2 pressure = 8 mmHg) was established. The MIE procedure was performed without pyloroplasty.
Anaesthetic techniques
General anaesthesia was induced with 2.5% thiopental sodium (5 mg/kg) and rocuronium (0.6 mg/kg) was used to facilitate intubation. Patients were intubated soon after they lost consciousness. In the DLET group, patients were ventilated at a tidal volume of 6 ml/kg (respiratory rate 12 cycles/min). In the SLET group, patients were ventilated at a tidal volume of 5 ml/kg (respiratory rate 16-18 cycles/min). The fraction of inspired oxygen was 1.0 and the inspiratory-to-expiratory rate was fixed at 1:2 in both groups. All intubation procedures were performed by experienced anaesthetists.
RESULTS
The clinical characteristics of the patients were summarized in Table 1 . There were no significant differences in gender, age, body mass index, concomitant disease, smoking habits, neoadjuvant treatments, histology and the tumour location between both groups.
All the MIE procedures were performed successfully. The exposure of the operative field was satisfactory in the SLET group. The surgical variables and postoperative complications were summarized in Table 2 . Between the two groups, there were no Variable data are shown as mean ± standard deviation or number. significant differences in the total operative time, thoracic phase time, bleeding volume, total lymph node number and the left recurrent laryngeal nerve (RLN) lymph node number dissected in the procedure. Meanwhile, there were no significant differences in the incidence of postoperative complications between the two groups.
DISCUSSION
In MIE procedures, the standard anaesthesia method is general anaesthesia with a DLET, which can offer good visualization during the operation. However, the placement of a DLET is more difficult and frequently needs the assistance of a fibre-optic bronchoscope. Even so, in some cases, the DLET cannot offer good access because of translocation. Meanwhile, the DLET does not fit the patients with tracheostenosis or tracheal malformations because of its larger diameter. Furthermore, the use of a DLET and one-lung ventilation may result in many complications, including hoarseness, hypoxaemia, tracheobronchial injury, vocal cord injury and re-expansion or oxidative stress [5, 6] . Therefore, thoracic surgeons are striving for a more safe and effective method for sufficient exposure of the target field in video-assisted thoracic surgery. High-frequency ventilation has been tentatively used in videoassistant thoracic surgery, but there is no evidence supporting its use in MIE, and this method requires a special respiratory machine. In some institutions, a bronchial blocker was used to achieve onelung ventilation for good operative visualization but translocation remained the main issue. In such cases, we attempted to use two-lung ventilation with CO 2 insufflation artificial pneumothorax.
The artificial pneumothorax with CO 2 insufflation has been used in many institutions, but it remains controversial because the artificial tension pneumothorax may result in the deteriorative changes in the respiratory and circulatory physiological index. Harris et al. [7] noted that artificial pneumothorax may result in serious complications, such as circulatory failure, ventricular arrhythmias and contralateral pneumothorax, which raises concerns about the safety of this method. However, there were several other studies that showed contrary results. Wong et al. [3] divided 45 patients with palmar hyperhidrosis who underwent thoracoscopic sympathectomy into a one-lung ventilation with DLET group and a CO 2 insufflation artificial pneumothorax with SLET group. They found that the haemodynamics were stable in the lateral group. So they thought CO 2 insufflation artificial pneumothorax with the SLET was a safe and simple method for this procedure. The results in other studies also showed similar conclusions: CO 2 infusion artificial pneumothorax with a limited intrathoracic pressure was a safe and effective operative procedure [4, 5, 8] . At present, this method has been used in many video-assisted thoracic surgeries, but there are very few reports about its use in MIE.
We applied CO 2 artificial pneumothorax with intrathoracic pressure of 8 mmHg in an MIE procedure. All the procedures were completed smoothly with no serious complications. Among the MIE procedures, 42 consecutive cases were performed using general anaesthesia with the SLET. The results indicated that there was no significant difference in the thoracic phase operative time between the groups. Meanwhile, there were no statistical differences in the total number and the left RLN lymph nodes dissected in the operative procedure, the bleeding volume and the total operative time. Additionally, using the SLET approach to anaesthesia did not increase the operative complications. About the complications related to the intubation methods, some studies reported that the incidence of airway injuries including cord and bronchial injury was significantly higher in the DLET group than that in the SLET group [4] . In our study, we did not rigorously observe bronchial injury because the result may be affected by other factors, such as injury of the RLN.
In conclusion, the thoracolaparoscopic oesophagectomy can be performed smoothly and safely using SLET general anaesthesia with CO 2 insufflation artificial pneumothorax. At the same time, it has the benefit of popularizing the MIE techniques because the SLET placement is easier to master.
